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Multichip t~ chnology — a rn~~t hr ’ d o~ incr ~ inj ’ th .  packing

de~~ ity whi1~ ~i’iult~n~ously ~~c -~ asing th. a~~~rnbly

expense~

H. J. Hanke /209

A specifi c charact~ rirtje nf  th~ develon~pnt of

mjcroe!1ectronic~j of th~ 7O’~ i~’, ~‘~ id~’ f ron  th~

increasing degree of i~ tegration , the d v~1op’-i~~t and

mass production of integrated e1er~,nt ~ ~
‘or all eThr~~er

of electronic instruments, i.e., for c~ir ita l  ar ~:el1 ar

• onalogue in$trument ideas’.

With the completior of s.mi—condi~ctor block

technology, the no~~ ibil1ties for re~ ]iz~ tion of hi~-hly

i*tegrated e1,m.nt~ were cr~~t d , Pr)rIay ~~~~~ are

tech~ologie~ avai 1r~~le intern ion-div for bipolar
V

, ar well ~r for unipo1~r technology . With thee.

technologiee we achieve , on ~~~ o~~ ~“nd , I~ ri~~r

through ~‘.tmp1ificatioia of ~~ tec~~ -~io.~~ca1 
r~c~~ r —

a~’ f~ r ex~
r ple ~~or the l’riTn~~~ procers , ~~ ~Ili con

gate techn i~ ’ e , t e  io,_irnplri*tatir’n ~~~ tech~~ ~Ø , ~r

the SATC ~d Plir~ox proce~ur.5. Ou t hA  Yh r  hn rr~ Wa

achieve higher packirg ~~~~~~~~~ and ,~~ tching ~~~~~~~~~~~~

h~i r~rn’~~~~ of n m w  jro1~ 2T~~h,~~
I_ ’ ~~~~~

the isoplanar prooe~~~ r , ‘~r i~ 11 t h~ 
~~~~~ ‘

~~~ t~~~’nc~~~~~~
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arid the VIP—process.

The necessity of realizing higi:er degrees of

integration is based prii~narily on the necessity of 1:
reducing the assem bly ~ nd sealing costs in syci. II

of element production, in addition to the demnnc9 for

lncr.asing the switching velocities by redu cing the

signal pio pagation times (shortening the connecting

circuit). An analysis of the  costs for the  producer

of integrat~~ elements shows t hat about 60~ of the total

pi~ uct ion co st s for  en ~1,ment rest on t h e  assembly

proee~ sen of cjcle II, i.e., chip  assembly and

eonnect1~ n contac t iug  as well n~ capping. In an

analagous “ianr ier , for the instrument producer the costs

for ~h- ic T i col co orection of t~~ eleurnts for cornol~x

func t ion  u n i t s  dominat e, due to the ecessnry viir i~~g.

: h u r u  for th~ oentr l unit of the computer ~ ~O ~hout

65~’ of th~ cor t~ are Tnateri~l costs for mu1tj—lav~r—

p1~ tes ~rd plug connectors ; the costs are

l~~r~r th~in 5~
’ of’ t h e  tota’ costs.

The pur’l; ~“onol.ithic solu*ion for increrstu -ig the

of int egratior of t h e  1~~ri~ n t s ,th~~)ugI iflCreaFi~g

t~’~ d.gree of stegration of th. chip while simultaneoiusly
v t

choiging fr n ~ ch ip s  of the :~witcbing circ~~ raethod to o ips

of t h e  fu~et1on me~~ od , hss technological limits.

~~~ FTD_ID(R3)I—1189—76
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These limits are set by the following: due to the ma*lfold

of the necessary cross connections , a rasny—p1~iar

wiring is neoessax~y on the chip and due to the

decreasing yield (~u. to the larger pinbability of

the appearance of noise sources in the :ilioium substate~~
for larger chip surfac es 1 practical limits arm set upon

the degree of inte grati~~ achievable.

A meaningful second possibility .;ith the  given

technological assumptions is the multichip technique .
charact erized

This techn inue j~ .~~~~~ by asserbling several chips on

one suhs~~ te- which c’~ntains the necessary co nnect ions

as vaporized or printed rruicl e paths, In. its essence

V it is less an element technology than more a /210

practical ~~nn~ect1on technology uf uncapped

semi—conductor block switching - It repres~~its

a new quality in packing tecbrnlogy.

A typical central unit of the computer generation

that is currently being produced contains about 18000

integrated monolithic eleaents -.vith chi~~ of th e

switching circe metho d . Their grating oonnections arr

1.d out ~nd only connected function~~ ly in t h~ n ext

higher connection plan’. In addition to these integrated

elem ents there are ~n ndd ition~ l 4200 (ap pro~ imntely )

discrete ele~~ n t s , expecially :i,ve conden~ nrr . Thus

!~ 
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there are a total of about 250,000 ,~em~ -!t contacts

to be connected , to be connected especial ly ‘.‘ia

many—l~~er—plates. The portion of t h e  ‘ e ’~e n t  Q .nt ac~ s

in the total number of necessary conneoti~g m 1e r ~~~i ts ,

howev er, amounts to only about 33% . I. e ., ~or this

type of integratio n 2/3 o±~ the wiring must be

carried by plug c.inectors, back—wiri-~g, and  ap par a t’~ s

capping. By placing several chips and their direct

function wiring in a multichip element , the number of

necessary element contacts and plug c—nnector contacts

in t~ e instrument decreases. Simult~neo’ sly a
board

significant savings in printed cir~ii’t~~u rface - becn ~’ier

oos~ ihle.

Accord ing to investigations of’ Thom’ s (i) on

typical plug units of the central unit of the prnces~ ~ng

co mn~tor R 4000, the advantages s~iorm in ~ i5 • 1 arise

for varying multichip element variations. The

elimination of outer electric auxiliary C1A ICItS iuch

as buildin ,; block •intacttng , c~4rcu1tn ard plug ~~nect o rs ,

as well their replacement by ~ build ing block

connecting elements produced in the collective proc-ss

of switch ing , guaranties a significant increase of the

functional seourit:~’ of the instruments n’~d alonts. The

gain in reliability ii the first variatior is pr~~~r i ly

based on the reduction of ~~~ t o t  1 c ement connection 

V- - - --- -~~~~~~-~~-~~~ V-~~~~~~--
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Multichip elements with

2.. .3 Chips 4.. .6 ChiRs 7.. .10 Chips

Reducing the total number of contacts 
5 ~ 70 ~ 5 ~ 76 t I % V

of the elements by 
_____________

Reducing the total printed circuit 40 ~ 50 ± 10% 60 t 10%

board area by

Possible combining of plug units for i 2
constant printed circuit board area V

Reducing the total number of plug 15 t 10% I 25 ± 10% 35 ± 10%
connections by

Improving the failure rate by 9 % 14 % 16 %

Figure 1. Reducing the assembly expenditure when transferring

from monolithic elements to mult ichip elements , via the example

of Thomas (1) of logie plug units of the processing computer

R )4000.

_  - -
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number;, and  for the t~•ir c1 vari. n t  ia brs~ d ~~~~~~~ on

the ~ccre’ 
- e of the tot2l Diug co--ne c~~

’
~~~ nunber. Here ,

however , the nece~ rury contact nunher o~n plug ur~~t

increaser , ~nd “ar the 1ir ~ t -ra r~ ’ nt already r”a ’V -~ -~-

nec~~asary a 13~ pole aiu ’ ~~~~- e ~~or.  For h~gher ~~~~~~~
of i~~t .earat ion w~ must  th~~ bsv~ plug c o a n e ct o s s  of

the conventi’~’n1. t1T n~~ of c sncc~ ing  aumber s.  co~n~ ctcd 
V

in pairs or fl1~~n~ at a t i r  to the  plug i~ r~~1~~

In t~- e auI~~ ca~ p t~ aa in i ’~u e one n ay  howev-r not

overlook that with incre~-sing c hip  number per e1e~ir at ,

the repeatability tinás to zer’
~o ~ n d  is ~sne ~~tia1ly

- restrict ed to the n-~~ropriate lug unit. Th is

funo tior— rpecifjc ar rn ng ~~r~~rt  h~ s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /211

repercursions on the  t e~~t -~v g ,  re p a i r in g ,  and 
V

maintananc e of re placern~ nt  ei m *nt r , r nd  it needs

a detoiled economic -iscuas ion . The cost effecti~~a*ns

V or th~ use of ~u l t i eh .in_ ~ 1~ m ’ n t s  sir s proved by i’r~ ’- ck(2).

Fx~~m Fig. 2 we ~ ee t h~ t apor t rn r s~~~rt ’ing to mul t i—

c h ip ,~~~m f lt s  w~~*h 8 s t~V n d n r d  ch ip s  of tb ,e ~~ i tchtng

a l r — .t m e t h o d  w~~~~ ~ integrated grids each, a co st

r e ur-~ ion of about 1~~ i n plug u sit s u~d of about 2~~’

in panels, coapa red w ith nn~ o1 ithio e l r m ~ nt r , is

ob t a tn a a i ~~. This  is in sp i t e  of an t nc r ~~ore  of t h e

co st of 4 h
~ -~-itr of ~~ - -u~ 1~~~. For these cost

co n”~~nt ’  i t  w a’~-’ ~~~ ~h t ~~ -“~~i r ~’ arc ro~’~
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via a t v- .’o~ plane s t ruc tu re  with a basis of ce ramic ,

wire-contacted to a hermitically carmed element. From

these  calculation s one may d eriv e that ~ economi c

examination of’ the use of multichip ~1ements r~nains

incomplete if it only takes into account one element.

This is because cost saviags only are effec~ i~ e in hiaher

connection ni-ieaus b ee- r une  of a decr e~V -e of the expense

for the wiring. A maximal cost reduction on p Vrn e l w

is obtainable when the back wiring —multilayer conducting

plate can be dispensed with completely due to the use

of corresponding highly integrated multichip ~1em ents ,

For an approp~~ate construct iv e form of ~ultichip
we must consi der

elements , ‘th e problems of assembly of such elem’ntr
boards

on ~rizted sircuit&, as well as  the i r  compat ibi l i ty
integrated

with re-s pect to ansembly t echnolo gy of el ements that

are already pre s~~ t . With re spect  to the possibili ty

of’ line—up on printed cir~iit boards , there is an

upper limit for the ~~neotion number of plu~ elements

of 50. According to investigations by Gurth(3), in such

an elements one may accomadate a maximu m of 25 chips.

For the construction of multichip elements in a DIP

casing, a one—row chip c~ifiguration is best fitted to

the geometry of the casing. For a circuit gratirs, on

the wiring carrier larger th an 0.2 mm , 12 to 16 chips

may be pet up. The nurnh r of element contacts is then

- .. 
j
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1 1 8 9 —7 6 , page W )
in the range of from 40 to 50. Because of the

non—optimum placing of the wires on the long side ,

for larger chip numbers a many~row chip configuratio’~

shou’d be chosen. For a reliability—oriented discussion

of’ the idea of an instrument it is however not to be

recommended to work with  si~ch high degrees of i n te gr a t ion .

Inve stigation s h~ve sho~~ (i) that the optima l chip

number should be about 5. Then for a circuit grating
for  these e]V ement s

larger than 0.2 mm , on the wiring carrier\w . would consider

a DIP casing with a one—row c ip configuration,

with 16 to 22 connections, nrd with a row gr at ing

of 12.5 mm . W ith t h e s e  values the necessary

indications for  technological development woñc ore

suff icient ly well determined. 
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grating,
Fig. 2 Developm~n’t of cost s. r r  ~~f’rom - chi~~up

to the parel level for diff~”re~ t -n u lt i ch ip

element varintions , rccor~ iag ta -‘m u ck  (2)
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